Experimental Methods

Materials
Methanol was purchased from Biosolve BV (Valkenswaard, The Netherlands). Chloroform (anhydrous, ≥99%), ethanol (LC-MS grade), norharmane (9H-pyrido [3,4-b] indole) matrix, sodium acetate (anhydrous >99%), hematoxylin solution modified acc. to Gill II, and eosin Y solution (0.5% alcohol) were purchased from Sigma Aldrich (Zwijndrecht, The Netherlands).
Indium tin oxide (ITO) coated glass slides were purchased from Delta Technologies (Loveland, CO, USA, 4-8 Ω/sq).
Tissue Preparation
Rats used in this study were maintained in the animal facility at Maastricht University and used in accordance with protocols approved by the Animal Care and Use Committee under DEC 2014-085. Brains from ND2:SmoA1 transgenic mice containing tumors in the cerebellum were kindly provided by Tobey MacDonald, Emory University School of Medicine. Before being sacrificed these mice were maintained in the animal facility at Emory University and used in accordance with protocols approved by the Emory Institutional Animal Care and Use Committee. The brains were removed immediately after the animals were sacrificed, frozen in liquid nitrogen, shipped on dry ice and stored at -80°C until sectioned. Transverse brain sections (10 µm thick) 2-6 mm below the bregma point were obtained using a cryo-microtome at -20°C and thaw mounted onto ITO-coated glass slides. As detection of lipid direct from tissue often results in the formation of [M+H] + , [M+Na] + and [M+K] + ions that complicate interpretation and can lower sensitivity, a mixture of sodium acetate (4 mg/mL) and norharmane matrix (7 mg/mL) in a 2:1 MeOH/CHCl3 solution (v/v) was applied to the tissues using a TM-Sprayer (HTX Technologies, USA) using a flow rate of 120 μL/min and N 2 pressure of 10 psi heated to 30°C. The pneumatic spray traversed the area of the sample at a velocity of 1200 mm/min with 3 mm track spacing. .
Mass Spectrometry Imaging
All experiments were performed on an Orbitrap Elite mass spectrometer (Thermo Fisher Scientific GmbH, Bremen, Germany) coupled to an intermediate pressure ion funnel MALDI source (Spectroglyph LLC, Kennewick, WA, USA). The detailed experimental setup has been described in detail recently [1] and is briefly summarized here for completeness. Production of MALDI ions was achieved via irradiation of the sample with laser light from a frequency tripled Nd:YLF laser (λ = 349 nm, 1 kHz repetition rate, ~1.2 µJ/pulse) focused to a spot of ~20 µm diameter as determined by burn patters in the matrix layer. MALDI-generated ions were then extracted into a dual ion funnel interface and transmitted into the mass spectrometer (linear ion trap and/or Orbitrap) for detection. All experiments used an ion injection time of 250 ms per pixel with automatic gain control turned off.
All full-scan FTMS-mass spectrometry imaging (FTMS-MSI) were acquired using a nominal 
Ozone-induced dissociation
High-concentration ozone was generated, measured, delivered to the mass spectrometer, and catalytically destroyed using a purpose built closed-loop system described in detail in a previous publication. [3] Ozone was generated from oxygen (5.0 grade; Linde Gas Therapeutics Benelux bv, Eindhoven, The Netherlands) using a high-concentration ozone generator (HC-30; Ozone Solutions, Sioux City, IA) yielding ~14% w/w ozone in oxygen as measured by a highconcentration ozone monitor (106-H; 2B Technologies, Boulder, CO). The helium flow into the instrument was modified, such that the usual open split-flow restriction was replaced by a
PEEKsil restriction (50 µm I.D., 100 mm length) and an upstream regulator stepped down the He pressure to ~10 psi. Ozone was introduced into this helium flow prior to its introduction into the instrument using another PEEKsil restriction (25 µm I.D., 100 mm length), delivering a metered flow of ozone to the high-pressure ion-trap of the mass spectrometer. [4] An ambient ozone monitor (106-L; 2B Technologies, Boulder, CO) continually monitored the background ozone concentration in the laboratory and was interlocked to the high-concentration generator to stop ozone production if the ambient ozone rose above 75 ppb.
Data Visualization and Analysis
Thermo Fisher .RAW data was first converted to profile mode mzXML format using RawConverter [5] (http://fields.scripps.edu/rawconv/) and then combined with the position file created by the MALDI control software using in-house scripts written in MATLAB (MATLAB R2013a; Mathworks, Natick, MA, USA) to reconstruct MSI data for each individual scan filter (corresponding to each unique precursor ion). The mean spectrum produced after m/z binning (2.5 mDa for FTMS spectra; 85 mDa for ion trap spectra) was used for peak picking using the PEAPI algorithm. [6] The resulting peak list was then applied to each individual scan to produce the MSI dataset. Individual m/z images were then visualized using a MATLAB GUI. All images from full-scan FTMS data were generated following total ion current normalization. For visualization of the relative distributions of isomeric pairs, fractional distribution images were generated corresponding to the summed intensity of the isomer-specific fragment ions as a fraction of ion signals arising from both isomeric species. More specifically, for isomeric lipids were calculated using the "roc.area" function in R (Version 3.4.3) using the "verification" package. [7] This function calculates the area underneath a response operating characteristic (ROC) curve following the process outlined in Mason and Graham. [8] The p-value produced is related to the Mann-Whitney U statistics and is calculated using the "wilcox.test" function. For db-isomers the n-7 isomer percentage was used to determine the p-value, while for sn-positional isomers p-values were determined using the percentage contribution of the lipid containing the unsaturated acyl chain at the sn-2 position. 
Tissue Staining
Lipid Nomenclature
Lipid class and total number of carbons and degrees of unsaturation are indicated using the sum composition description (e.g., PC(34:1) which indicates a PC lipids with 34 fatty acyl carbons and 1 double bond spread across both fatty acyl chains). In cases where the distribution of the carbons over the bound acyl chains is known it is indicated using an underscore separator, e.g., 
